Abstract The aim of this research was to investigate the effect of climatic conditions and their impact on seasonal variations of physico-chemical characteristics of Saanen goat milk produced over a period of 4 years. Lactation period (early, mid and late) and year were considered as factors that influence physico-chemical composition of milk. Pearson's coefficient of correlation was calculated between the physico-chemical characteristics of milk (fat, proteins, lactose, non-fat dry matter, density, freezing point, pH, titrable acidity) and climatic condition parameters (air temperature, temperature humidity index-THI, solar radiation duration, relative humidity). Results showed that all physico-chemical characteristics of Saanen goat milk varied significantly throughout the lactation period and years. The decrease of fat, protein, non-fat dry matter and lactose content in goat milk during the mid-lactation period was more pronounced than was previously reported in the literature. The highest values for these characteristics were recorded in the late lactation period. Observed variations were explained by negative correlation between THI and the physico-chemical characteristics of Saanen goat milk. This indicated that Saanen goats were very prone to heat stress, which implied the decrease of physico-chemical characteristics during hot summers.
Introduction
Climate characteristics such as air temperature, solar radiation, minimum relative humidity, air flow and their interactions contribute to animal performance. The quality and quantity of milk compounds is generally a result of complex interactions of variables. These are not fixed and they can change with the time of the year, environmental conditions, and climate variability (Milani et al. 2015) .
The influence of climatic conditions on seasonal variations of the composition of cow milk has been widely studied. Therefore, seasonal variations of cow milk fat content are well recognized, with milk fat during summer months averaging 0.4 percentage units less than milk fat in winter months (Jensen et al. 1991) . Also, it is known that cow milk protein content is higher during fall and winter than in spring and summer (Lindmark-Månsson et al. 2003; Ng-Kwai-Hang et al. 1985) , and that all mineral levels in milk are significantly affected by season (Chen et al. 2014; Poulsen et al. 2015) . Relative humidity and maximum and minimum temperatures account for significant amounts of variability (1-6%) in the percentages of cow milk constituents (Rodriquez et al. 1985) .
Despite the fact that world production of goat milk is the second largest of all non-cattle milk (Faye and Konuspayeva 2012) , data regarding the effect of climatic conditions and their seasonal variations on the composition and quality of goat milk is limited. This is even more surprising knowing that significant variation of goat milk composition throughout the year strongly affects the important technological and sensorial properties of goat milk (Casper et al. 1998; Siefarth and Buettner 2014) .
A continuous increase in goat milk production has been registered in Serbia ever since 2010, and the domestic dairy market has been showing great interest in goat milk products (Miloradovic et al. 2015) . As goat milk products, mainly cheeses, represent one of the most attractive niches in the international milk industry, evidence regarding the composition of the milk is required.
Therefore, the aim of this research was to investigate the effect of climatic conditions and their impact on seasonal variations of physico-chemical characteristics of Saanen goat milk produced in Serbia over a period of 4 years.
Materials and methods

Goat milk sampling
Milk samples were collected from a single commercial flock of * 250 Saanen goats during 4 years : 2012, 2013, 2014 and 2015 . The goats were fed with maize silage, lucerne hay containing 14-16% of crude protein and concentrate feeds containing 14% of crude protein. There were no changes to the feeding regime throughout the lactation period. Every year, 135 samples were taken throughout the period from the beginning of March to the middle of December (45 samples per lactation period).
Physico-chemical characteristics of goat milk
Milk samples were analyzed with a Lactoscan SA60 Milkanalyzer (Milkotronic, Bulgaria) measuring the content of fat (% w/v), protein (% w/v), lactose (% w/v), nonfat dry matter (% w/v), ash (% w/v), and also density (g cm -3 ) and freezing point (°C). Analysis of each milk sample was done in triplicate. The Lactoscan was calibrated once every 7 days.
Titrable acidity (°Soxhlet-Henkel) was determined using 0.1 M NaOH and phenolphthalein as an indicator. Milk pH was measured using a digital pH meter (Testo, Germany). Titrable acidity and pH were measured in duplicate.
Climatic condition parameters
Data regarding climatic conditions were obtained from the Meteorological Annual of the Republic Hydrometeorological Service of Serbia. Parameters used were: average monthly air temperature (°C), monthly solar radiation duration (h), and average monthly relative humidity (%). Temperature humidity index (THI) was calculated as described by Gantner et al. (2011) .
Statistical analysis
Analysis of variance was used to determine the influence of lactation period (fixed factor), year (random factor) and their interaction on physico-chemical characteristics (dependent variables) . Lactation periods were: early (March, April, May), mid (June, July, August) and late (September, October, November, December). Duncan's test was used to compare means of dependent variables on which lactation period had a statistically significant effect.
Pearson's coefficient of correlation was calculated between climatic condition parameters and physicochemical characteristics.
Statistical analysis was conducted using SPSS ver. 21 (IBM Corp., Chicago, IL, USA).
Results and discussion
Physico-chemical characteristics of goat milk
All observed physico-chemical characteristics of Saanen goat milk, except density, varied significantly with seasonal changes over the year (Table 1 ). Significant effect of year on the same characteristics, excluding titrable acidity, was also observed. The effect of interaction of these two factors was significant for all physico-chemical In mid-lactation, the main compositional parameters such as fat, protein, non-fat dry matter (NFDM) and lactose contents were significantly lower than in the early or late lactation periods. The highest variation was observed for the fat content, which was 16.7 and 18.3% lower in the mid than in the early and late lactation periods, respectively. Variation of protein, NFDM and lactose contents was less pronounced, ranging between 4.1 and 5.1% lower content in mid than in early or late lactation. Results presented in Table 2 show that the lowest values for the fat, protein, NFDM and lactose contents were in August (2.93, 2.67, 7.32 and 4.02% respectively), whereas the highest values for these compositional parameters were in December (4.09, 2.93, 7.99 and 4.40% respectively). In the review by Goetsch et al. (2011) , it is reported that the lowest levels of protein and fat in goat milk were in June and July, and afterwards those levels increased until drying off in November or December. Mayer and Fiechter (2012) also observed that the levels of total solids, protein and fat in goat milk in Austria were the lowest from June to August and highest at the end of lactation in October.
A similar trend of variation in composition was also reported for cow milk, with fat content being the parameter most prone to variations during the milking season. However, the variation of goat milk composition in the present research is more pronounced than the variation reported for cow milk (Chen et al. 2014) .
Regarding pH, although a statistically significant influence of lactation period on these parameters exists, the differences between early, mid and late periods were quite small ( Table 1 ). The highest titrable acidity was observed during the late period (6.72°SH) and is caused by higher levels of protein and ash in that period (McCarthy and Singh 2009).
The freezing point temperature of goat milk was the highest in mid-lactation (-0.462°C), when the protein, lactose and ash content were at their lowest levels (Table 1) . Henno et al. (2008) reported similar findings for cow milk, with the possible explanation that feeding outdoors led to lower utilization of protein. However, in our study, the flock was kept indoors at all times. We consider that the higher freezing point temperature in mid-lactation was influenced by the goats' higher water intake due to higher summer air temperatures and greater solar radiation duration (SRD), which was also suggested by Bjerg et al. (2005) . Table 3 . High air temperatures have a negative effect on dairy cow environment (Brouček et al. 2006; Sharma et al. 1983) . Our study confirms the same negative effect was observed for Saanen goats, with a statistically significant negative correlation between air temperature and the main physico-chemical characteristics of the milk (Table 4 ). The most highly affected characteristic by the air temperature was fat content with the correlation coefficient of -0.90. The least affected characteristic was density with correlation coefficient of -0.46. The pH value was not affected by air temperature.
Our results also showed that the second important parameter that negatively affected goat milk physicochemical characteristics was SRD. All physico-chemical parameters, except density, were significantly correlated with SRD (Table 4) . Fat content was again the most highly affected characteristic with correlation coefficient of -0.79, and the least affected was pH with correlation coefficient of 0.41. Air temperature and SRD combined, resulted in the animals having a high water intake, which further affects overall milk quality (Bjerg et al. 2005; Chen et al. 2014) , as discussed earlier. To the best of our knowledge, no study has reported the correlation between SRD and milk composition, to date.
Although Rodriquez et al. (1985) reported that relative humidity influenced the variability of the basic composition of cow milk, in our study, only the fat content, pH and titrable acidity of goat milk were significantly correlated with relative humidity with correlation coefficients being below 0.70 for all three characteristics (Table 4) .
THI was significantly correlated with all physicochemical characteristics except pH. The highest coefficient was for fat content (-0.93 ) and the lowest was for density (-0.40) (Table 4) . Observing the THI throughout the lactation period (Table 3) , it was clear that all values were THI temperature humidity index below 72, which was considered as a critical point at which heat stress appeared for dairy cows (Gantner et al. 2011) . Also, for dairy cows, an increase of THI to within the range of 71-81 results in a decrease of feed intake and increase of water intake. In our study, the high correlation between THI and most of physico-chemical characteristics of Saanen goat milk was confirmed (Table 4) . As mentioned earlier, the mid-lactation period was characterized by great decreases of important physico-chemical parameters, especially fat content. During our study it was not possible to accurately measure the feed and water intake, so we can only make an educated guess that heat stress in Saanen goats appeared at lower levels of THI than it does in dairy cows, and we speculate that the critical value of THI may be 67, which is around the lowest average value we recorded in mid-lactation. Earlier research on seasonal variations of goat milk composition, by Mayer and Fiechter (2012) , showed that the average basic composition of Saanen goat milk in Austria was considerably higher than that of milk from the Saanen goat flock examined in this study. The flock used in this study was from Austria. Based on these facts and the high correlation between climatic conditions and the basic composition of goat milk in our study, we assumed that Saanen goats were very prone to being affected by the adverse climatic conditions which were experienced by them during hot summers.
Conclusion
In our study, the decrease in all the basic parameters of milk composition (fat, proteins, lactose, NFDM, ash) during the mid-lactation period was more pronounced than reported in the literature to date. The reason could be found in the high negative correlation that physico-chemical characteristics have with the THI, SRD and air temperature. This observation leads to a conclusion that Saanen goats are very prone to heat stress, which could strongly affect the expected quality of goat milk products throughout the year. Further investigations should aim at determining the critical value of THI that affects the overall quality of raw Saanen goat milk and products.
